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The effect of in vitro gamma radiation on
Anisakis sp. larvae collected from the pink
cusk-eel, Genypterus brasiliensis Regan, 1903

O efeito in vitro da radiacdo gama em larvas de Anisakis sp.
coletadas do congro rosa, Genypterus brasiliensis Regan, 1903
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Abstract

The aim of this research was to study the impact of in vitro gamma radiation on Anisakis sp. larvae collected from Genypterus
brasiliensis assessing the use of this technological process in the prevention of human anisakiasis. The parasites were
irradiated with doses of 1, 3 and 6 kGy in a 0.65% NaCl solution and kept chilled between 5°C and 8°C. The most effective dose
used was 6 kGy, in which these parasite survived for a maximum period of 14 days.
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Resumo

A objetivo desta pesquisa foi estudar o impacto da radiagdo gama in vitro sobre as larvas de anisaquideos coletadas do
congro-rosa, Genypterus brasiliensis verificando a utilidade deste processamento tecnolégico como controle para evitar a
anisaquiose humana. Os parasitos foram irradiados com dosagens de 1, 3 e 6 kGy, mantidos em solucgéo fisiolégica 0,65% de
NaCl e armazenados sob refrigeracdo a temperaturas entre 5°C a 8°C. A mais efetiva dosagem usada foi a de 6 kGy, na qual
as larvas desses nematoides sobreviveram por um periodo maximo de 14 dias.
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Introduction

Nematodes from the Anisakidae family, especially those of the
genus Anisakis, Pseudoterranova and Contracaecum are the
fish helminths with the greatest zoonotic significance (Adams
et al., 1997). The ingestion of raw or improperly processed
fish infected with larvae in the third or fourth stage of these
parasites can cause anisakiasis in humans (Acha and Szyfres,
1986; Sakanari and McKerrow, 1989; Adams et al., 1997).
Ubeira et al. (2000) state that in 97% of the diagnosed cases
of this illness were due to larvae of A. simplex.

Van Thiel et al. (1960) describe the first case of human
anisakiasis in the Netherlands. Various cases of this illness
have been recorded in Europe, America and, most especially,
Asia, (Kliks, 1983; Matsuoka et al., 1994; Bouree et al., 1995;
Muraoka et al., 1996; Rosales, 1999).

In anisakiasis, the parasites penetrate the gastro-intestinal
tract, causing ulcerations and an inflammatory process that

results in eosinophilic granuloma (Kliks, 1983; Muraoka et al.,
1996; Lépez Sabater and Lopez Sabater, 2000).

In recent years, several authors have reported that allergic
reactions can be unleashed in susceptible individuals after
the ingestion of fish infected with anisakis larvae, even if these
larvae have been killed by some type of technological
processing, such as boiling or freezing (Audicana et al., 1997;
Alonso et al., 1999; Purello D’Ambrosio et al., 2000; Garcia-
Bara et al., 2001; Audicana et al., 2002).

Socio-cultural factors have a significant influence on the
transmission of anisakiasis in certain populations. Types of
cooking such as sushi and sashimi, ceviche, “green-herring”,
“lomi-lomi” and “Koi pla” that are based on raw or undercooked
fish are potential foci of parasitic infections in humans,
(Sakanari and Mckerrow, 1989; Adams et al., 1990). Oshima
(1987) reports that in Japan alone, where this practice is very
common, more than 2000 cases per year of this illness are
registered.
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In Brazil, there are currently no records on anisakiasis, though
research has detected the presence of larvae from the
Anisakidae family in commercially important teleostean fish
captured in marine waters (Barros and Amato, 1993; Sao Cle-
mente et al. 1995; Barros and Cavalcanti, 1998; Alves and
Luque, 2001; Silva and S&o Clemente, 2001; Alves et al. 2002).

Due to the threat that this zoonosis represents to public health,
various studies have been carried out using various
technological processes, such as boiling, refrigeration,
freezing, smoking and salting, all of which have the purpose of
rendering the Anisakis sp. larvae capable of infecting humans
inactive (Gustafson, 1953; Deardoff and Throm, 1988; S&o
Clemente et al., 1994; Karl et al., 1995; Marques et al., 1995;
Sao Clemente et al., 1996).

Loaharanu and Murrel (1994) state that in many countries
where it is usual to consume plates of raw or semi-processed
animal based foods, the use of ionising radiation has been
shown to be an alternative method of controlling helminth or
protozoan parasites.

Van Mameren and Houwing (1968) and Oishi et al. (1972)
studied the effects of gamma radiation in association with
salting to make Anisakis sp. larvae inactive. Chai et al. (1993)
researched the viability of the infection of these nematodes by
exposure to gamma radiation using rats and rabbits as model
animals.

The pink cusk-eel, Genypterus brasiliensis, is a fish of important
commercial value. It is both consumed internally in Brazil and
exported to other countries. Alves et al. (2002) record the
presence of Anisakis sp. in the mesentery and visceral organs
of this species.

The possibility exists of studying new technologies that prevent
the pathogenic actions of these parasites, thereby providing
consumers with increased food safety. The aim of this study
was to measure the survival time of Anisakis sp. larvae
collected from G. brasiliensis irradiated in vitro, verifying the
efficiency of this technological process as a method of
controlling anisakiasis.

Material and methods

Between October 2002 and September 2003, thirty-eight
specimens of Genypterus brasiliensis, 41.5 — 93 cm of total
length, were acquired in fish markets and shops in the counties
of Niterdi and Rio de Janeiro. They were transported in thermal
boxes, packed with ice, to the Laboratério de Helmintos Para-
sitos de Vertebrados do Instituto Oswaldo Cruz, Departamen-
to de Helmintologia, Fundagdo Oswaldo Cruz. The fish were
identified according to Figueiredo and Menezes (1978). Filets
were removed through an incision from close to the gill-covers
to the caudal fin. The internal organs were transferred to Petri
dishes containing a 0.65% NaCl solution and observed with
the stereomicroscope to detect possible parasites. The filets
were observed with a negatoscope to detect the presence of
Anisakis sp. larvae following Myers (1979). The helminths were
collected from the mesentery, the surface of the internal organs
and the musculature. Nematodes were transferred to Petri
dishes containing a 0.65% NaCl solution and kept chilled
between 5° and 8°C. The parasites that were to be exposed to
gamma radiation were transported in thermal containers, kept
between 5°and 8°C, to the Laboratério de Instrumentacéo
Nuclear da Coordenagédo de Programas de Poés-Graduacao
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em Engenharia da Universidade Federal do Rio de Janeiro. A
total of 70 Anisakis sp. larvae were divided into four groups:
the control group of 25 parasites, divided into sets of 3 — 6
specimens and stored under temperatures between 5° and
8°C. The other three groups were exposed to gamma radiation
in the Gammacell 220 Nordion irradiator, using ®Co — 80Gy/
min, with 7000 Ci activity, and dosages of 1, 3 and 6 kGy,
respectively. These groups were made up of 15 parasites and
divided into sets of 3 — 6 specimens to be irradiated. The
nematodes were observed through a stereomicroscope on a
daily basis to determine the mortality rate. These parasites
were considered dead when they no longer showed any
movement and they changed from a transparent colour to an
opaque white. The nematodes that remained alive were kept
in Petri dishes containing a 0.65% NacCl solution and stored
between 5° and 8°C. After the death of the nematodes, they
were fixed in AFA, dehydrated by alcoholic sequence, clarified
with Aman’s lactophenol and creosote and mounted in
Canadian balsam, following Amato et al. (1991). The taxonomic
identification of the Anisakidae larvae was based on the works
of Hartwich (1974) and Rego et al. (1983) using a bright field
microscope.

Results

In the control group the shortest period of survival of Anisakis
sp. larvae was of 13 days, while the longest period was of 95
days (Table 1).

Table 1 — Survival time (days) of 25 Anisakis sp. larvae used in
the control group, collected from Genypterus brasiliensis
between October 2002 and September 2003

Control Group

Anisakis sp. Survival time Anisakis sp. Survival
larvae (days) larvae time (days)

no no.

1 37 14 40

2 38 15 74

3 41 16 95+

4 42 17 45

5 24 18 47

6 28 19 50

7 38 20 54

8 59 21 73

9 30 22 83
10 31 23 25
11 87 24 40
12 30 25 47
13 13*

* Anisakis sp. larva with shortest survival time.
** Anisakis sp. larva with longest survival time

Anisakis sp. larvae submitted to gamma radiation with dosages
of 1, 3 and 6 kGy survived for different periods depending on
the doses used, though only one specimen irradiated with a 6
kGy dose died after exposure to gamma radiation (Table 2).

The experiment showed that the survival time of Anisakis sp.
larvae declined considerably as the dosage of gamma
radiation was increased. The average survival time of these
nematodes for the control group and those submitted to
dosages of 1, 3 and 6 kGy were of 46.8, 30.9, 14.8 and 5.0
days respectively (Table 3).
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Table 2 — Survival time (days) of 45 Anisakis sp. larvae, divided into three groups of 15 specimens
exposed to gamma radiation with doses of 1, 3, and 6 kGy collected from Genypterus brasiliensis

between October 2002 and September 2003

GAMMA RADIATION DOSAGES

1 kGy 3 kGy 6kGy
Anisakis sp.  Survival time Anisakis sp. Survival time Anisakis sp. Survival time

larvae (days) larvae (days) larvae (days)
no. no. no.
1 18 1 4 1 0*
2 40 2 18 2 1
3 49** 3 18 3 3
4 16* 4 19 4 14 **
5 18 5 19 5 5
6 29 6 20 6 5
7 41 7 3* 7 7
8 43 8 6 8 13
9 30 9 4 9 3
10 43 10 6 10 5
11 20 11 10 11 6
12 23 12 13 12 6
13 27 13 43%* 13 2
14 28 14 19 14 2
15 39 15 20 15 3

* Anisakis sp. larva with shortest survival time.
** Anisakis sp. larva with longest survival time

Table 3 — Statistical analysis of survival time of 70 Anisakis sp. larvae collected from
Genypterus brasiliensis between October 2002 and September 2003 submitted to the

different dosages of gamma radiation (kGy)

Survival Time (days)

Dosages (kGy) N Average Standard Minimum Maximum Range
Deviation

0 25 46.8 21.01 13 95 82

1,0 15 30.9 10.81 16 49 33

3,0 15 14.8 10.27 3 43 40

6,0 15 5.0 3.98 0 14 14

N = Number of Anisakis sp. larvae analysed.

Discussion

The results of this experiment in relation to the temperature
can be compared with the study of Marques et al. (1995), that
showed that infected anisakids larvae survived for up to 34
days in specimens of the swordfish, T. lepturus, kept at cool
temperatures (around 0°C).

Van Mameren and Houwing (1968) and Oishi et al. (1972)
state that doses of up to 6 kGy are not capable of killing all
Anisakis sp. larvae, either in vitro or present in the viscera and
musculature of teleostean fish, agreeing with our results.

Van Mameren and Houwing (1968) studied the affect of gamma
radiation in association with salting to make Anisakis sp. larvae
inactive, and also irradiated these parasites in vitro in different
concentrations of NaCl solution. The mortality rates obtained
for the control groups and those submitted to 3 and 6 kGy
doses in saline concentrations of 0%, 3%, 6% and 8%, were
72%, 4%, 25% and 86% respectively for the non-irradiated
group; 20%, 5%, 55% and 70% for the group exposed to the 3
kGy dose; 50%, 55%, 45% and 55% for the group irradiated
with the 6 kGy dose. These results differ from those obtained
in our study, only scheduled to verify the impact of gamma

radiation on these parasites, when only one out of the fifteen
larvae irradiated in vitro and kept in a 0.65% NaCl solution
died after a 6 kGy dose of irradiation .

Oishi et al. (1972) showed that Anisakis sp. larvae irradiated
in vitro with a 6 kGy dosage, using solutions with 3% and 6%
concentrations of NaCl, survived for a maximum time of five
days, differing from this study, when the nematodes irradiated
with the same dose and conserved in a 0.65% NacCl solution
survived for up to 14 days.

Conclusion

The doses of gamma radiation used do not guarantee food
safety for the consumer, since Anisakis sp. larvae remained
alive after irradiation.

Therefore, it is obvious that public health authorities must adopt
specific rules and procedures to detect the presence of, and
control, these helminths, due the several cases of anisakids
in teleostean fish purchased in Brazil (Barros and Amato, 1993;
Séo Clemente et al. 1995; Barros and Cavalcanti, 1998; Alves
and Luque, 2001; Silva and Séo Clemente, 2001; Alves et al.
2002).

R. bras. Ci. Vet., v. 12, n. 1/3, p. 137-141, jan./dez. 2005



140

Acknowledgements

To Conselho Nacional para Desenvolvimento da Pesquisa — CNPq and Fundacédo de Amparo a Pesquisa do Rio de Janeiro -

FAPERJ, for the partial financial support.

References

ACHA. P.N.; SZYFRES, B. Anisaquiasis. In: Zoonosis y enfermedades
transmisibles comunes al hombre y a los animales. 2. ed. Washing-
ton: OMS/OPS, 1986. p. 784-790.

ADAMS, A. A.; BEEH, J. L.; WEKELL, M. M. Health risks of salmon
sushi. Lancet. v. 226, n. 8726, p. 1328, 1990.

ADAMS. A. M.; MURREL, K. D.; CROSS, J. H. Parasites of fish and risk
to public health. Revue Scientifique et Tecnique Office International
des Epizooties. v. 6, n. 2, p. 652-660, 1997.

ALONSO, A.; MORENO-ANCILLO, A.; DASCHNER, A.; LOPEZ SERRA-
NO, M. C. Dietary assesment in five cases of alergic reactions due to
gastroallergic anisakiasis. Allergy. v. 54, n. 5, p. 517-520, 1999.

ALVES, D .R.; LUQUE, J. L. Community ecology of the metazoan
parasites of white croaker, Micropogonias furnieri (Osteichthyes:
Sciaenidae), from the costal zone of the State of Rio de Janeiro,
Brazil. Memdrias do Instituto Oswaldo Cruz. v. 96, n. 2, p. 145-153,
2001.

ALVES, D .R.; LUQUE, J. L.; PARAGUASSU, A. R; Community ecology
of the metazoan parasites of pinf cusk-eel. Genypterus brasiliensis
(Osteichthyes : Ophidiidae), from the coastal zone of the state of Rio
de Janeiro. Memdrias do Instituto Oswaldo Cruz.v.97,n.5, p. 683-
689, 2002.

AMATO, J. R. F,; WALTER, A. B.; AMATO, S. B. Protocolos para
Laboratdrio - Coleta e Processamento de Parasitos de Pescado. 1
ed. Rio de Janeiro: Imprensa Universitaria, UFRRJ, Rio de Janeiro,
1991. 81p.

AUDICANA, L.; AUDICANA, M. T.; FERNANDES DE CORRES, L.;
KENNED,Y. M. W. Cooking and freezing may not protect against

alergenic reactions to ingested Anisakis simplex antigens in humans.
Veterinary Record. v. 140, n. 9, p. 235, 1997.

AUDICANA M. T.ANSOTEGUI, I. J.; CORRES, L. F.; KENNEDY, M. W.
Anisakis simplex. dangerous- dead and alive? Trends in Parasitology.
v.18,n. 1, p. 20-25, 2002.

BARROS, G. C.; AMATO, J. F. R. Larvas de anisakideos de peixe-
espada, Trichiurus lepturus L. da costa do estado do Rio de Janeiro.
Revista Brasileira de Biologia. v. 53, n. 2, p. 241-245, 1993.
BARROS, G. C.; CAVALCANTI, J. W. Larvas de anisakideos em peixes
de elevado consumo, provenientes do litoral nordeste do Brasil. Higi-
ene Alimentar.v. 12, n. 58, p.71-75, 1998.

BOUREE, P.; PAUGAM, A; BISARO, F;; PETITHORY, J. C. Ingestion of
raw fish: anisakidosis. Report of 25 cases and review of the literature.
Medicine et nutrition. v. 31, n. 2, p. 83-88, 1995.

CHAI, J.; HONG, S.; LEE, S. Effect of gammairradiation on the survival
and development of Clonorchis sinensis metacercarie. In: USE OF
IRRADIATION TO CONTROL INFECTIVITY OF FOOD-BORNE, 1991,
México. Proceedings... Viena: Internatinal Atomic Energy Agency, 1993.
139p., p. 33-41.

DEARDORFF, T. L.; THROM, R. Commercial blast - freezing of third -
stage Anisakis simplex larvae encapsulated in salmon and rockfish.
Journal of Parasitology. v. 74, n. 4, p. 600-603, 1988.

FIGUEIREDO, J. L.; MENEZES, N. A. Manual de peixes marinhos do
sudeste do Brasil Il. Teleosei (1). Sdo Paulo: Museu de Zoologia,
Universidade de S&o Paulo, 1978. 75 p.

GARCIA-BARA, M. T.; MATHEU, V.; ZUBELDIA, J. M.; RUBIO, M.;
ORDOQUI, E.; LOPEZ SAEZ, M.P; SIERRA, Z.; TORNERO, P; BAEZ, M.
L. Anisakis simplex sensitezed patients: Should fish be excluded

R. bras. Ci. Vet v. 12, n. 1/3, p. 137-141, jan./dez. 2005

from their diet. Annals of Allergy, Ashtma & Immunology. v. 86, n. 6, p.
679-685, 2001.

GUSTAFSON, P. V. The effect of freezing on encysted Anisakis larvae.
Journal of Parasitology. v. 39, p. 585-588, 1953.

HARTWICH G. CIH Keys to the Nematode parasites of vertebrades.
Part Il. Keys to the Genera of the Ascaridoea. Farnham Royal:
Commonwealth Agricultural Bureau, 1974, 27 p.

KARL, H.; ROEPSTORFF, A.; HUSS, H. H.; BLOEMSMA, B. Survival of
Anisakis larvae in marinated herring fillets. International Journal of
Food Science & Technology. v. 29, n. 6, p. 661-670, 1995.

KLIKS, M. M. Anisakiasis in the Western United States: four new case
reports from California. The American Journal of Tropical and Medicine
and Hygiene. v. 32, n. 3, p. 525-532, 1983.

LOAHARANU, P.; MURREL, A. D. Arole for irradiation in the control of
foodborne parasites. Trends in Food Science & Technology.v. 5, n. 6,
p. 190-195, 1994.

LOPEZ SABATER, E. |.; LOPEZ SABATER, C. J. Health hazards related
to occurrence of parasites of the genera Anisakis and
Pseudoterranova in fish. Food Science and Technology International.
v. 6, n. 3, p. 183-195, 2000.

MARQUES M. C.; SAO CLEMENTE S.C.; BARROS G. C., LUCENAF. P.
Utilizac&o do frio (resfriamento e congelamento) na sobrevivéncia de
larvas de nematdides anisakideos em Trichiurus lepturus (L.). Higie-
ne Alimentar. v. 19, n. 39, p. 23-28, 1995.

MATSUOKA, H.; NAKAMA, T.; KISANUKI, H.; UNO, H.; TACHIBANA, N.;
TSUBOUCHI, H.; HORII, H.; NAWA, Y. A case report of serologically
diagnosed pulmonary anisakiasis with pleural effusion and multiple
lesions. The American Journal of Tropical Medicine and Hygiene, v.
51, n. 6, p. 819-822, 1994.

MURAOKA, A.; SUEHIRO, |.; FUJII, M.; NAGATA, K.; KUSUNOKI, H.;
KUMON, Y.; SHIRASAKA, D. Acute gastric anisakiasis: 28 cases during
the last 10 years. Digestive Diseases and Sciences. v. 41, n. 12, p.
2362-2365, 1996.

MYERS B. J. Anisakinae nematode in fresh commercial fish from waters
along the Washington, Oregon and California Coast. Journal of Food
Protection. v. 42, p. 380-384, 1979.

OISHI, K.; OKA, S.; HIRAOKI, M. Food higienic studies on Anisakis
larvae in saline solution. Bulletin of the japonese society of scientific
fisheries. v. 38, n. 2, p. 133-136, 1972.

OSHIMA, T. Anisakiasis — Is the sushi bar guilty? Parasitology Today. v.
3,n.2,p.44-48,1987.

PURELLO D’AMBROSIO, F.; PASTORELLO, E.; GANGEMI, S;;
LOMBARDO, G.; RICCIARDI, L.; FOGLIANI, O.; ALBA MERENDINO, R.
Incidence of sentivity to Anisakis simplex in a risk population of
fishermen/fishmongers. Annals of Clinical Immunology. v. 84, n. 4,
p. 439-444, 2000.

REGO, A. A,; VICENTE, J. J.; SANTOS, C. P,; WEKID, R. M. Parasitos de
anchova, Pomatomus saltatrix do Rio de Janeiro. Ciéncia e Cultura.
v.35,n.9, p. 1329-1336, 1983.

ROSALES, M. J.; MASCARO, C.; FERNANDEZ, C.; LUQUE, F.; MORE-
NO, M. S.; PARRAS, L.; COSANO, A.; MUNOZ, J. R. Acute intestinal
anisakiasis in Spain: a fourth-stage Anisakis simplex larva. Memdrias
do Instituto Oswaldo Cruz.v. 94, n. 6, p. 823-826, 1999.
SAOCLEMENTE, S. C.; UCHOA, C.M. A.; SERRAFREIRE, N. M. Larvas
de anisakideos em Pagrus pagrus (L.) e seu controle através de
baixas temperaturas. Revista Brasileira de Ciéncias Veterinaria. v. 1,
n.1,p.21-24,1994.



SAO CLEMENTE, S. C.; MARQUES, M. C.; SERRA FREIRE, N. M.;
LUCENA, F. P. Andlise do parasitismo de peixe- espada, Trichiurus
lepturus (L.) do litoral do Rio de Janeiro, Brasil. Parasitologia al Dia. v.
19, p. 146-149, 1995.

SAO CLEMENTE, S.C.; SILVA, C. M.; LUCENA, F. P. Sobrevivéncia de
larvas de anisakideos de peixe- espada, Trichiurus lepturus (L.), sub-
metidos ao processo de salmouragem e cocgdo. Revista Brasileira
de Ciéncia Veterinaria. v. 3, n. 3, p. 79-80, 1996.

SAKANARI, J. A.; McKERROW, J. H. Anisakiasis. Clinical Microbiology
Reviews.v. 2,n. 3, p.278-284, 1989.

SILVA, C. M.; SAO CLEMENTE, S. C. Nemat6ides da familia Anisakidae e
cestoides da ordem Trypanorhyncha em filés de dourado ( Coryphaena
hipporus) e ariac6 (Lutjanus synagris) e sua importancia na inspe¢ao
de pescado. Higiene Alimentar. v. 15, n. 80/81, p. 75-79, 2001.

141

UBEIRA, F.M.; VALINAS, B.; LORENZO, S.; IGLESIAS, R.; FIGUEIRAS,
A.; GARCIA - VILLAESCUSA, R. Anisaquiosis y alergia: un estudio
seroepidemiolégico en la Comunidad Auténoma Gallega. Santiago de
Compostela: Conselleria de Sanidade e Servigos Sociales. Documen-
tos técnicos de salide publica, Serie B, n. 24, 2000.

VAN MAMEREN, J.; HOUWING, H. Effect of irradiation on Anisakis larvae
in salted herring. In: ELIMINATION OF HARMFUL ORGANISM FROM
FOOD AND FEED BY IRRADIATION. Viena: International Atomic Energy
Agency, 1968. 115 p., p. 73-80.

VAN THIEL P. H.; KUIPERS C. F.,; ROSKAN T.H. A nematoda parasitic to
herring causing acute abdominal sindromes in man. Tropicical and
Geographycal Medicine. v. 12, p. 97-113, 1960.

R. bras. Ci. Vet., v. 12, n. 1/3, p. 137-141, jan./dez. 2005



